REPORT  DOCUMENTATION  PAGE 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this 
collection  of  information,  including  suggestions  for  reducing  this  burden  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and 

Reports  (0704-0188),  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person 
shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently  valid  OMB  control  number.  PLEASE  DO  NOT  RETURN  YOUR 

FORM  TO  THE  ABOVE  ADDRESS. 

1.  REPORT  DATE  (DD-MM-YYYY) 

July  2014 

2.  REPORT  TYPE 

Briefing  Charts 

3.  DATES  COVERED  (From  -  To) 

July  2014-  August  2014 

4.  TITLE  AND  SUBTITLE 

5a.  CONTRACT  NUMBER 

In-House 

Catalytic  Ignition  of  Ionic  Liquid  Fuels  by  Ionic  Liquids 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROJECT  NUMBER 

Stefan  Schneider,  Steve  Deplazes,  Yonis  Ahmed,  Christina  Franquera,  Andrew 
Beauchamp 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

Q0RA 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Air  Force  Research  Laboratory  (AFMC) 

AFRL/RQRP 

10  E.  Saturn  Blvd 

Edwards  AFB  CA  93524-7680 

8.  PERFORMING  ORGANIZATION 

REPORT  NO. 

9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

Air  Force  Research  Laboratory  (AFMC) 

AFRL/RQR 

10.  SPONSOR/MONITOR’S  ACRONYM(S) 

5  Pollux  Drive. 

Edwards  AFB  CA  93524-7048 

11.  SPONSOR/MONITOR’S  REPORT 

NUMBER(S) 

AFRL-RQ-ED-VG-20 14-205 

12.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Distribution  A:  Approved  for  Public  Release;  Distribution  Unlimited 


13.  SUPPLEMENTARY  NOTES 

Briefing  Charts  presented  at  ACS  Fall  National  Meeting,  San  Francisco,  CA,  10-14  Aug  2014.  PA#14360 


14.  ABSTRACT 

The  majority  of  current  hypergolic  ionic  liquids  (ILs)  are  hypergolic  (spontaneous  ignition  upon  contact  between  a  fuel  and 
oxidizer)  with  nitric  acid  in  one  of  its  several  formulations.  Only  very  few  have  been  found  to  be  hypergolic  with  higher 
performing  N204.  While  ILs  can  be  considered  “green”  or  less  hazardous  in  certain  aspects  when  compared  to  hydrazine,  both 
nitric  acid  and  N204  are  highly  hazardous.  To  gain  a  true  advantage,  a  more  environmentally  friendly  oxidizer  must  be 
considered.  Hydrogen  peroxide  might  be  an  attractive  alternative  for  some  systems,  especially  because  of  its  benign 
decomposition  products.  Although  the  permissible  exposure  limit  for  hydrogen  peroxide  is  only  1  ppm  in  air,  the  high  boiling 
points  of  its  water  solutions,  141°C  (90%  hydrogen  peroxide)  and  148°C  (98%  hydrogen  peroxide),  result  in  relatively  low 
vapor  pressures  at  25°C  of  only  0.5  KPa  and  0.3  KPa,  respectively.  In  201 1,  we  showed  that  ILs  can  be  hypergolic  with  H202 
but  it  required  complex  aluminumborohydride  anions  to  realize  acceptable  ignition  delay  (ID)  times.1  Here  we  describe  how 
certain  ILs  can  be  employed  as  ignition  enhancing  catalyst  to  make  many  ILs  hypergolic. 


15.  SUBJECT  TERMS 


16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION 

OF  ABSTRACT 

18.  NUMBER 

OF  PAGES 

19a.  NAME  OF 

RESPONSIBLE  PERSON 

Stefan  Schneider 

a.  REPORT 

Unclassified 

b.  ABSTRACT 

Unclassified 

c.  THIS  PAGE 

Unclassified 

SAR 

24 

19b.  TELEPHONE  NO 

(include  area  code) 

661-275-5759 

Standard  Form 


298  (Rev.  8-98) 

Prescribed  by  ANSI 
Std.  239.18 


THE  AIR  FORCE  RESEARCH  LABORATORY 
LEAD  I  DISCOVER  I  DEVELOP  I  DELIVER 


Catalytic  Ignition  of  Ionic  Liquid  Fuels  by  Ionic  Liquids 


ACS  San  Francisco  2014 


A.  Beauchamp 
Edwards  AFB,  CA 


Distribution  NOT  APPROVED  through  STINFO  process 

Distribution  A:  Approved  for  public  release.  Distribution  unlimited 
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Timeline  of  Energetic  Ionic  Liquids 


“Molten  salts  are  nothing  new,  but  these  were  the  only  ones  I 
ever  heard  of  that  were  liquid  at  25°C.  I’ve  never  found  a  use  for 
the  ethylamine  compound,  but  something  with  such  interesting 
properties  ought  to  be  good  for  something /” 


John  D.  Clark,  Ignition!  An  Informal  History  of  Liquid  Rocket  Propellants,  Rutgers  University  Press,  New  Brunswick, 
New  Jersey,  1972 
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Why  ILs  as 
Energetic  Materials? 


“Tuning”  IL  structure  for: 

Energy  content 
Oxygen  balance 
Melting  point 
Liquid  range 
Ignition  behavior 


£ 


»  -  -  ^  / 


Propulsion: 

Thrusters 


99999 

Explosives: 

Power  generators, 

Melt-cast  munitions 

APUs . 
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Hydrazine  -  A  State  of  the  Art  Rocket  Fuel 


Hydrazine 


Monomethylhydrazine 


Hydrazine  fuel  vapor  toxicity  can  increase 
testing/operations  costs: 

■  System  Handling/Fueling  by  certified  crews 
in  high  level  PPE 

■  Monitoring  system  in  field 

Vapor  toxicity  can  limit  transportation  options 


Ionic  Liquic 


fuels  can  eliminate  vapor  toxicity  and 
possess  acceptable  safety  properties 
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^'Objectives  for  Ionic  Liquids  as  Bipropellant  Fuels 


Fuel 


Oxidizer 


Combustion 
Pumps  Chamber 


Nozzle 


Image:  NASA 


Throat 


□  Ignites  (Hypergolic) 

□  Ignites  Fast  (<10ms) 

□  Ignites  Fast  &  Green(er) 
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rospect  for  Hypergolicity  -  Driving  Force  Behind 


IL  Azides 


□ 

Simple  ionic  azides  such  as  Me4NN3  and  NaN3  form  nitrates  in 

n2o4. 

□ 

The  reaction  involves  the  unstable  intermediate  NON3  which 

completely  decomposes  to  N2  and  N20. 

n2o4  4= 

- ►  N03-  +  NO+ 

N3-  +  NO+  <«- 

- ►  n3no - ►  n2  +  n2o 

n2o4  +  n3- 

- ►  no3-  +  n2  +  n2o 

□ 

If  this  reactions  is 

“hot”  enough  it  could  lead  to  hypergolic 

ignition. 
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Thermal  Stability  and  Reactivity  of  IL  Azides 


□  NOT  HYPERGOUC  with  WFNA,  RFNA,  IRFNA,  NTO  or  H2Oz 
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■  Decomp  onset  of  129°C  indicated  marginal  stability 

■  TGA  mass  loss  >  12%  isothermal  for  48  h  (3)  75°C 


Schneider,  S,  % W£T “pM4  6°82'6°89' 
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Anion  Control  of  Hypergolic  Activity 


Oxygenated  Fuel-Rich 

Oxidizer:  White  fuming  nitric  acid 

Not  Hypergolic  Hypergolic, 

ID  ~  43.0  ms 
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Search  for  Trigger  Group  -  Faster  Ignition 
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Cation  Control  of  Hypergolic  Activity 


R  X 


■  Focus  on  development  of  cationic  structures,  which  allow  for 
fast,  hypergolic  ignition  with  common  oxidizers  independent  of 
the  accompanying  anion. 

■  The  ability  to  endow  the  cation  with  a  hypergolic  “trigger” 
widens  the  synthetic  design  space  available  for  hypergolic  fuels 
and  provides  another  possible  avenue  for  the  promotion  of 
rapid  ignition. 
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Requirements  fora  “Green(er)”  Oxidizer 


□  Storable!  (non  cryogenic) 

□  High  performing! 

Desirable  - 

□  Can  be  served  as  a  refreshing  drink  © 
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What’s  Out  There? 


□  WATER! 

□  Nitric  Acid  (extreme  corrosivity) 

Q  N204  (less  corrosive,  high  toxicity  combined  with  high 
vapor  pressure) 

Q  H202  (less  toxic  vapor  and  corrosivity,  environmental 
benign  decomposition  products) 
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Lack  of  heterocyclic  BH4  salts 


■  Published  routes  to  BMIM  BH4  used  IL  halide  in  acetonitrile  or  CH2CI2 

■  This  work  could  not  be  reproduced  and  only  yielded  material  with 
substantial  halide  content 

Best  results  77.5%  [BHJ-  halide  content  22.5% 

M.  Burchner,  A.M.T.  Erie,  H.  Scherer,  I.  Krossing  Chem.  Eur.  J.  2012,  18,  2254. 

■  Heterocyclic  borohydride  salts  tend  to  have  undesirable  physical  properties 
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□  I  n  the  case  of  the  ethylammonium  salt, 
the  drop  surface  of  the  fuel  was  so 
quickly  oxidized  that  the  fuel  became 
momentarily  immiscible  with  the 
oxidizer. 
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Catalytic  approach  for  H202  decomposition 


□  Many  transition- metal  salts  of  Fe+2,  Fe+3,  Co+2,  Co+3,  Ni+1,  Ni+2,  Cu+1,  Cu+2,  Mn+2 
and  V+2  as  well  as  Nal  have  been  used  to  accelerate  the  decomposition  of 
hydrogen  peroxide. 

□  Ultimately  this  led  to  hypergolic  ignition  between  a  catalyst- loaded  fuel  and 
hydrogen  peroxide. 

□  Typical  problems  encountered  were  either  a  reaction  between  the  metal  salt  and 
the  fuel  or  precipitation. 

□  Also,  the  metal  ions  are  not  catalysts  in  the  classical  sense,  but  are  reacting  with 
hydrogen  peroxide. 

□  The  iodide  anion  on  the  other  hand  is  known  to  catalytically  decompose 
hydrogen  peroxide. 

H202  +  I  - ►  IO  +  h2o 

h2o2  +  10*  - ►  I*  +  h2o  +  02 

2H202  ►  2H20  +  02 
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Multi  ion  systems 


-fi* 


□  Substituting  Na  for  an  organic  ammonium  cation  increases  the  overall  energy 
content  and  hopefully  the  solubility  of  the  iodide  salt  in  the  fuel. 

□  I  n  the  case  of  multiple  cation  systems,  metathesis  reactions  can  easily  take 
place. 
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-fi* 


Ionic  Liquid  iodides  in  cyanoborohydride 


□  No  precipitation  of  the  ethylammonium  iodide  salts  was  observed  even  after 
several  months  of  ambient  storage. 
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Catalytic  Ignition  in  H202 
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*  97%  H202  used  as  oxidizer 
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Catalytic  Hypergolic  Ignition 
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Summary  and  Conclusion 


"Continuing  to  synthesize  new  fuel  candidates  with 
hypergolic  triggers  and  desirable  physical 
properties 

■Pairing  new  fuel  candidates  with  green(er) 
oxidizers 

"Established  storable  fuel/catalyst  IL  mixtures 

"First  demonstration  of  ignition  of  non-hypergolic 
ILs  utilizing  IL  catalysts  in  H202 
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